Injection of T5 first-step-transfer DNA was prevented at 29°C, after adsorption to an unsaturated fatty acid mutant grown on elaidate (phase transition at 35°C). Local anesthetics, which increase membrane fluidity, did not inhibit injection above transition temperature and could even reverse the inhibition observed at 29°C on elaidate cells.
Injection of T5 first-step-transfer DNA was prevented at 29°C, after adsorption to an unsaturated fatty acid mutant grown on elaidate (phase transition at 35°C). Local anesthetics, which increase membrane fluidity, did not inhibit injection above transition temperature and could even reverse the inhibition observed at 29°C on elaidate cells.
The two-step DNA injection mechanism of phage T5 (10) is very peculiar and has already been the object of numerous studies (reviewed in reference 3 and in B. Labedan and L. Letellier, J. Bioenerg. Biomembr., in press). In particular, it has been observed that the first steps of this phage infection process have different requirements for temperature. Although T5 adsorbs irreversibly to its host cell at any temperature between 0 and 37°C, injection of the first-steptransfer (FST) DNA (a segment amounting to 8% of the total DNA) (7, 10) is prevented below 15°C (6, 9, 10). Furthermore, Labedan (6) showed that after adsorption at 4°C T5 DNA is normally ejected but that the emerging DNA attaches to the outer membrane. In this peculiar state, the DNA penetration is reversibly frozen. Indeed, this FST DNA can be injected as soon as the temperature is raised above 15°C (6). More recently, Filali Maltouf and Labedan (2) demonstrated that host cell metabolic energy is not necessary for injection of both the FST DNA and the second-step-transfer (SST) DNA. This result strongly suggests that T5 DNA can enter the host cytoplasm by simple diffusion (2) . Thus, the low temperature could prevent injection either by affecting the movement (i.e., the diffusion rate) of the long DNA macromolecule itself or by rigidifying the host cell membranes. To discriminate between these two possibilities, I used experimental conditions that allowed me to change the membrane fluidity independently of the temperature.
It was shown previously that it is possible to modulate the fluid state of a membrane by changing the nature of its unsaturated fatty acids (1, 14) . This is easily done by growing an auxotrophic mutant for unsaturated fatty acids on a minimal medium containing either oleic acid (cis-A9-octadecenoic acid) or elaidic acid (trans-A9-octadecenoic acid). Oleate membranes have a fluidity range close to that of a wild-type cell, with an order-disorder transition temperature of 18°C (14) . Elaidate membranes are far less fluid, having a sharp transition temperature at 35°C (14) . Thus, Escherichia coli K1059, an unsaturated fatty acid auxotroph (14) , was grown on minimal medium 63 (5) supplemented with 0.4% glycerol, 0.3% Casamino Acids, 2% Brij 35, and 0.02% unsaturated fatty acid. The cells were shaken at either 37°C when grown on oleic acid or 39°C when grown on elaidic acid. In both cases, bacteria were harvested at 5 x 108/ml, centrifuged at room temperature, washed, and resuspended at 5 x 109/ml in phage buffer (10 mM Tris-hydrochloride [pH 7,4]-100 mM NaCl-1 mM MgSO4-1 mM CaCl2). Under these conditions (concentrated bacteria incubated in a buffer), T5 infection is limited to the FST DNA injection, 273 supposedly because bacteria are too starved to synthesize the FST-coded proteins necessary for SST penetration (10) . Concentrated elaidate-grown and oleate-grown cells were incubated for 10 min at either 29 or 39°C. To these four samples, 14C-labeled T5 (8; grown in the presence of [14C]uridine and purified as previously described) was added at a multiplicity of infection of 5. After 20 min at the preset temperature, a portion of each sample was taken to determine the irreversible adsorption. About 75% of the phages adsorbed to oleate-grown cells, and 65% adsorbed to elaidate-grown cells, whatever the temperature. Thus, T5 adsorption is possible even if its receptor protein is embedded in a rigid membrane (elaidate-grown cells incubated at 29°C).
Injection of the FST DNA was then measured by the previously described centrifugation method (2, 6, 7). During low-speed centrifugation, the tail of adsorbed T5 becomes sensitive to mechanical breakage, yielding the noninjected SST DNA attached to the bacteria in a naked state. Under these conditions, the exposed DNA can be removed progressively after repeated centrifugations and a DNase treatment. As shown previously (2, 6, 7), injection of the FST DNA can be ascertained when a constant value of 8% of the radioactivity initially adsorbed to the bacteria (pellet P1) repeatedly sediments with the infected cells. a The amounts of radioactivity present in the different pellets are expressed as percentages of the radioactivity initially contained in the P1 pellet, usually defined as the adsorbed radioactivity (6, 7) . A pancreatic DNase treatment (either 1 h at room temperature .or overnight at 40C, in the presence of 10 mM MgCl2) was performed between the centrifugations which resulted in pellets P5 and P6.
b The actual injection of FST DNA has been further verified by sedimentation on sucrose gradients of the DNA extracted from pellet P7, as previously described ( (6) as that seen at 4°C on E. coli F. Indeed, after extraction of the naked DNA envelope complex and solubilization of the cytoplasmic membrane by a 2% Triton X-100-10 mM MgCl2 treatment, the radioactive DNA was found attached to the outer membrane. Transfer to 39°C of pelleted elaidate-grown cells infected at 29°C allowed the injection of the exposed FST DNA. Another way to modulate the fluid state of membranes is to incubate the cells in the presence of local anesthetics. Among many other effects (13) , these compounds are known to increase the membrane fluidity. Recently, it has been shown (4, 11) that the export of several extracytoplasmic proteins (another case of macromolecule transport) was prevented in the presence of the two local anesthetics procaine and phenethyl alcohol. Table 2 (columns 1 and 3 ) shows that incubation of concentrated cells (either E. coli F or E. coli K1059) in phage buffer containing either 0.5% phenethyl alcohol or 20 mM procaine did not prevent the entry of FST DNA. Thus, the steps of FST DNA injection and arrest at this FST stage are possible across a hyperfluid membrane. Table 2 (columns 4 and 6) further shows that addition of 20 mM procaine to elaidate-grown cells can allow FST DNA injection even when the incubation temperature was set at 290C. Such a result seems to suggest that procaine has sufficiently lowered the phase transition of the rigid membranes of elaidate-grown cells to allow the passage of DNA. However, this last conclusion must be taken with great caution. Indeed, L. Letellier and B. Labedan (unpublished data) could not observe any change of the transition temperature of whole elaidate-grown cells incubated with procaine. This result was obtained by either monitoring the order-disorder transition phase with the fluorescent probe N-phenyl-1-naphthylamine (12) or comparing the discontinuities in the Arrhenius plots for transport of o-nitrophenyl-3-D-galactoside (12, 14) . However, these controls could fail to detect a change in the lipidic microenvironment of the DNA channels, which would be sufficient to allow DNA traversal of a membrane still macroscopically rigid.
Procaine could not reverse the inhibitory effect of a low (4°C) temperature. This suggests that, at this temperature, other parameters are regulating the DNA movement across the cell envelope. Indeed, recent data from this laboratory (F. Tosi, B. Labedan, and J. Legault-Demare, submitted for publication) indicate that DNA ejection from phage T5 adsorbed to its isolated receptor protein is specifically prevented at 4°C. I thank Lucienne Letellier for giving me strain K1059 and advice for growing it, and for introducing me to the field of membrane fluidity. I also benefited from her help in several unpublished experiments and her experience, which illuminated many stimulating discussions.
